Animal integumentary coloration plays a crucial role in visual communication and camouflage, and varies extensively among and within species and populations. To understand the pressures underlying such diversity, it is essential to elucidate the mechanisms by which animals have created novel integumentary coloration. Colours can be produced by selective absorption of light by skin pigments, through light scattering by structured or unstructured tissues, or by a combination of pigments and nanostructures. In this review, we highlight our current understanding of the interactions between pigments and structural integumentary tissues and molecules. We analyse the available evidence suggesting that these combined mechanisms are capable of creating colours and optical properties unachievable by either mechanism alone, thereby effectively expanding the animal colour palette. Moreover, structural and pigmentary colour mechanisms frequently interact in unexpected and overlooked ways, suggesting that classification of colours as being of any particular type may be difficult. Finally, we discuss how these mixtures are useful for investigating the largely unknown genetic, developmental and physical processes generating phenotypic diversity.
Introduction
Integumentary colours serve in crypsis, advertisement for mates, aposematism (warning) and startling prey (reviewed in [1] ), and the pigments and structures that produce them serve non-communication functions like thermoregulation and resistance to mechanical wear (reviewed in [2] ). These colours are produced by a variety of pigment molecules, nanostructures or a combination of both [3] . This mechanistic diversity provides complex opportunities for natural and sexual selection on the many functions of integumentary colour. Thus, colour is a fundamental aspect of the physiology and functional morphology of integuments and has probably played a critical role in all stages of its evolution.
Understanding how morphological and chemical properties relate to function is a central goal of physiology that has been relatively unexplored in coloured integumentary tissues in general. This is a critical gap both at a fundamental level and because it provides a window into the evolution of integuments and their associated colours. While several recent review papers have thoroughly covered the mechanisms and/or evolution of structural coloration [4] [5] [6] [7] and pigments [8, 9] as far as we are aware only a brief section of one [3] has explicitly covered how these mechanisms interact to produce colour. Here we aim to cover this topic in greater detail, including information from mostly animals and, to a lesser extent, plants. We hope to illustrate that interactions between colour production mechanisms are more common than typically thought. With this in mind, we begin by describing the complex colour production systems in poikilothermic vertebrates. We then discuss how even 'pigmentary' colours may be affected by structural components via their interactions with disordered nanostructures. We primarily focus on terrestrial organisms, but the principles described here probably also hold true for aquatic organisms. This is because our focus is on the colours as measured objectively by a spectrophotometer and not how organisms perceive them in different habitats. We focus on the wavelengths from 300 to 700 nm, primarily because little data exist outside of these wavelengths, and they are relevant to many organisms including birds and butterflies [3] .
Overview of colour production mechanisms
Perhaps the most straightforward mechanism of colour production is deposition of pigments. Pigments selectively absorb some wavelengths of light while allowing others to be reflected, and their absorption profile depends on their underlying chemistry [8] . Of the more than five classes of pigments identified in animals, the most common are melanins and carotenoids [8, 10] . Melanin is the most widespread colour-producing pigment in animals and creates a broad range of black, brown and grey colours (figure 1a, figure 2II ) through broadband light absorption across the visible spectrum [10] . There are two chemical variants of melanin, black eumelanin and rusty red (rufous) phaeomelanin [11] . In vertebrates, both types are produced within organelles called melanosomes that are deposited directly from melanocytes into the developing integument [12] . Therefore, unlike other pigments, which are diffusely deposited, melanins are contained within discrete elements. Pure eu-and phaeomelanosomes are easily distinguished morphologically (rod-shaped versus spherical, respectively [13] ); however, most melanin-based feather colours are produced by a mixture of the two in varying concentrations of eumelanin and phaeomelanin [10] . In invertebrates, melanin appears in transmission electron microscopy (TEM) to be diffusely deposited [3, 14] although it is unclear whether the electrondense material is indeed melanin since only limited chemical tests have been performed on such samples. As thus might be expected, little is known about the pathway of melanogenesis in insects. Indeed, Hsiung et al. [15] recently demonstrated the presence of melanin in spiders using Raman spectroscopy, despite the absence of known melanin-production genes in spiders. Overall, melanin remains an intensively studied but still mysterious and poorly understood group of pigments.
By contrast to melanin, carotenoid pigments in animals are acquired through the diet (they are produced endogenously by plants, algae and photosynthetic pigments [16] ) and produce bright red, orange and yellow colours [17] . They are chemically characterized by long chains of carbon with double and single bonds ( polyenes) sometimes terminated by rings. Polyenes determine the light absorption properties of carotenoids, which peak around blue wavelengths [17] . This property limits them to production of longer-wavelength colours. Pterin pigments found in butterflies (figure 1b) [18, 19] strongly absorb at a range of wavelengths, enabling production of colours from white to red [19] . Psittacofulvins, found in parrots, are produced endogenously and generate colours similar to those of carotenoids, while copper-containing turacoverdins in Turacos (family Musophagidae) enable production of green colour [20] . Bile pigments like biliverdin in avian eggs can produce even shorter-wavelength hues [20] .
The second major mechanism of colour production is termed structural coloration and is produced by scattering of light from nano-scale reflective tissues (nanostructures) that periodically vary in refractive index (RI). Most blue, violet and ultraviolet (UV) colours, as well as all iridescent colours, are produced via structural colours [21, 22] . For example, iridescent structural colours in birds are generally produced by laminar or crystalline arrays of melanin granules embedded in keratin [3, 6] . Light is scattered at the interfaces of these materials that differ in refractive index (RI: a measurement of how light is altered as it moves through a material [3] ). By contrast, amorphous arrays of keratin and air within feather barbs are probably responsible for producing the non-iridescent blue, turquoise, violet and UV colours found in a number of species (figure 1c) [3, 6] . Unlike pigments, structural mechanisms appear to be capable of producing colours across the visible spectrum from UV to red [7] through the use of a limited number of materials (e.g. chitin, keratin, melanin) with diverse nanostructural architectures.
Combined structural and pigmentary colours
Although they are frequently analysed in isolation from one another, structural and pigmentary colours often interact. Indeed, in some cases it can be difficult to state with certainty whether nanostructures or pigments produce a given colour. In other cases, these combinations may enable the attainment of colours that are not possible, or are attained only with difficulty, by either mechanism alone [23, 24] . In some cases, pigments and nanostructures that interact are intricately intertwined in a complex and dynamic system.
Ectothermic vertebrates have diverse colours that result from the interactions among different components of a multilayered, three-dimensional dermal system that often contains multiple pigment types and structural features (figure 2, right hand column) [25] . The interaction among these layers, collectively known as 'the dermal chromatophore unit ' [26] , determines the overall reflectance of the skin, and changes in any of these components can modify the resulting colour. Four dermal cell layers are involved in colour production in fish [27] , amphibians [26] and reptiles [28, 29] . The layer closest to the epidermis consists of xanthophore and/or erythrophore cells, which use carotenoid or pteridine pigments, respectively, to generate yellow and orange hues.
Iridophore cells form the middle layer, and these produce structural colours ranging from white to purple through thinlayer interference and scatter or diffraction of light from the transparent, nano-scaled purine or guanine crystals inside them [26] [27] [28] [29] [30] . The size, shape, orientation and number of crystalline platelets determine the colour produced by iridophores [31, 32] . The deepest cell layer is formed by melanophores, which, depending on the amount of melanin contained in them, determine the overall darkness of the body by producing black or brown colours.
The close interaction between and the precise colocalization of pigment (xanthophores, erythrophores and melanophores) and structural (iridophores) cells generate extensive variation in integumentary colours. For example, Phelsuma geckos exhibit a body colour scheme that includes all three, pigmentary, structural and melanic colorations rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 372: 20160536 (figure 1d) [33] . The authors showed that fine variation in blue/green hues is caused by the ratio of structural blue iridophores (with specific crystal size and organization) to yellow xanthophores. Reflectivity of red dorsal marks, formed by red erythrophores, depends on the underlying layer of iridophores that contain disorganized crystals acting as broadband reflectors.
Grether et al. [34] presented a generalized model to calculate reflectance from coloured integuments such as these containing both structural and pigmentary elements. They applied this method to multicomponent chromatophores of poikilotherm vertebrates that include both coherently scattering iridophores and light-absorbing pigments. The method compartmentalizes transmission (T) and reflectance (R) of any number of layers such as (in the case of non-iridescent green feathers): (1) outer cortex, which may include carotenoids; (2) coherent scattering nanostructure, either spongy keratin or melanin arrays; and (3) central vacuole and barb rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 372: 20160536 ramus keratin, often including carotenoids and melanin. This model could be used to produce comprehensive analyses of colour-producing integument, provided that the thickness and complex refractive indices of the component materials can be accurately determined. Thickness can be calculated using electron microscope (EM) images (assuming that the EM preparation steps do not alter these values, which can in some cases be checked using minimally prepared samples on the scanning electron microscope (SEM)) and complex RI of keratin and pigment can be calculated using a number of methods [35] . A variety of tools can then be used to model colour production by colour-producing nanostructures. For example, although it has been criticized [36, 37] , the Fourier tool normalizes 2D Fourier power distributions to reflectance spectra given the number of light-scattering interfaces and the RI difference. For multilayer nanostructures, the matrix method or finite-difference time-domain (FDTD) analysis directly outputs predicted reflectance spectra (reviewed in [35] ). In this way, the complex interactions between multiple components of skin colour can be holistically modelled. However, other, less well-understood interactions may also need to be taken into consideration in these and other animals.
(a) Interactions between disordered nanostructures and pigments
Pigments in natural materials are by necessity encased in some other structural material such as keratin, chitin and cellulose (figure 2I). Because light interacts with these materials, as well as the pigments themselves, even classic examples of 'pigment-based' colours like yellow feathers may in fact have a structural component, such as an array of randomly sized and spaced sub-micron air holes in a keratin matrix (figure 1e) [38, 39] . A thicker array could incoherently scatter more light, increasing brightness. Pigments selectively absorb certain wavelengths of light and create colour by absorbing light from the substrate in which they are deposited [38] . Thus, the colours they produce depend not only on which wavelengths they absorb but also on brightness of the encasing substrate. For example, a thicker incoherent array may produce a brighter white colour than a duller one [39] , and, given the same amount of pigment, will therefore produce a brighter yellow colour. How strong is this effect? While some studies have shown that, compared to variation in structural components, pigment concentration has a stronger effect on colour output rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 372: 20160536 [40] , others have shown that their effects are comparable [41, 42] . This has led to the intriguing hypothesis that the signalling properties of carotenoid deposition and structural whiteness are decoupled, and thus that feathers may contain multiple types of information [41, 42] . This hypothesis is contingent on understanding both the mechanisms and development of white feathers, but thus far they are both largely unknown. It is clear, however, that the coupling of white and other structurally coloured feathers with pigments enables variation ( particularly achromatic variation) that would probably not be possible with pigments alone.
(b) Interactions between ordered nanostructures and pigments
This coupling of pigments and nanostructures is even more apparent in non-iridescent green colours of feathers, which may be difficult to produce without structure-pigment combinations (the green colours produced by turacoverdin pigments are produced by a pigment that requires large quantities of copper, which is probably difficult to obtain from the diet [20] ). Iridescent green colour can be produced in feathers, generally in the barbules, by coherent scattering of light by layers of keratin and melanin (figure 2II) [6] . In addition, some olive-green colours are produced by combination of carotenoid pigments in the barb and melanin in the barbules [22] . However, bright non-iridescent greens (figure 1f ) in all cases other than turacos are produced by a combination of quasi-ordered spongy keratin arrays and carotenoid or psittacofulvin pigments (figure 2IV) [6, 22, 23, 43, 44] . These pigments appear to be placed in the keratin cortex of barbs, above the colour-producing nanostructures [43] . Traditionally, it was thought that the yellow pigments and blue quasi-ordered keratin nanostructures mixed together to form the green colour [6] . However, recent work has shown that the spongy layer is tuned to produce peak reflectance in the green wavelengths, but that the overall curve is quite broad and includes considerable reflectance in the blue wavelengths [43] . The pigment absorbs these blue wavelengths, enabling saturation of the green peak and green colour visibility. A similar mechanism of selective absorption coupled with a colour-producing nanostructure causes green colour in some butterflies [45] . The breadth of peaks created by quasi-ordered nanostructures appears to be consistent regardless of the hue they produce. Because the majority of them are blue, however, the 'spillover' reflectance is in the UV and thus invisible to human eyes. Thus, quasi-ordered spongy layers produce what appears to be blue to the human eye, but is UV to birds. Quasi-ordered nanostructures with a more spherical morphology (as opposed to a more 'channel-like' morphology) produce more saturated blue colours that have additional small short-wavelength peaks caused by double scattering [46, 47] . No spongy structure has been shown to produce any longer-wavelength colour than green, and indeed a theoretical paper [48] has shown that it is not possible due to double scattering that would cause, for example, red-tuned nanostructures to appear violet due to doublescattering peaks in the blue-green (but see [44] ). In theory, co-localized pigments could absorb these additional peaks as they do for non-iridescent green, but we have not seen any evidence that these combinations occur in nature. Production of non-iridescent blue colour by birds also involves co-localized melanosomes ( figure 2III ). These melanin-filled organelles are typically found basal to the spongy layer and serve the critical function of absorbing incoherently scattered white light [36, 39, 49] . Only a certain percentage of light is scattered by the spongy layer to produce blue, and the remainder is scattered incoherently. Without the broadband absorption provided by melanin, this white colour illumination would swamp out the blue, leading to a whitish colour with only a hint of blue. This principle has been demonstrated both experimentally through production of synthetic optical materials [50] and through comparison of colour and nanostructure between normal and naturally amelanotic blue Steller's Jay feathers (figure 1g) [49] . Melanosomes localized above or within spongy layers prevent light from reaching them, leading to black colour [51, 52] . In some cases, several spongy-layer cells surround a single layer of melanosomes [6] , but how this affects colour has not been examined. Iridescent hairs in golden moles [53] also contain a backing layer of melanosomes that may enhance the saturation of the colour. Some butterflies similarly use either selective or broadband absorbance to enhance or otherwise alter colours produced by nanostructures [54] .
The iridescent colours of birds are produced by a number of optical processes including scattering, interference and diffraction from organized arrays of melanosomes in feather barbules (figure 1h, figure 2III ) [6] . These melanosomes can be solid or hollow, spherical or rod-shaped, flattened or round and can form thin films, multilayers, square or hexagonal arrays and other ordered nanostructural forms. As light moves through these heterogeneous materials, it is scattered at their interfaces (e.g. keratin/air or melanin/air), transmitted and/or absorbed. Whether the non-scattered light is transmitted and/or absorbed depends on the relative properties of the materials, for example, in terms of differences in their RI. Keratin absorbs light negligibly, but melanin has broadband absorbance that decreases with increasing wavelength [55] . This means that it acts as both a pigment and a scattering nanostructural material: its high RI (approx. 1.7-2, [3, 56, 57] ) enables a sharp contrast with lower RI materials like keratin, while its absorbance prevents incoherent scattering, increasing saturation, while at the same time lowering overall reflectance (brightness). Thus, the brightest iridescent colours in birds like hummingbirds have the thinnest melanin layers and the smallest melanin volume fractions [58] . The pigmentary properties of melanin thus play a significant role in their production of structural colour, and therefore iridescent colours in birds can properly be considered to be structurepigment interactions.
Interaction between proteins and pigments
Proteins themselves can alter the hue produced by carotenoids and carotenoid-nanostructure interactions. Pure carotenoids absorb light in the wavelengths between 400 and 500 nm, producing intense yellow, orange and red colours. However, these colours can change to blue, purple or green when carotenoids form complexes with structural (i.e. non-enzymatic) proteins [59] . In invertebrates, carotenoid-protein interactions known as carotenoproteins have a considerable effect on the light-absorption properties of the pigment, leading to drastic shifts in colour. For example, mollusk shell colour is produced by the presence of polyenes (polyunsaturated organic compounds containing one or more sequences of single and rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 372: 20160536 double carbon-carbon bonds) embedded in a matrix of proteins and aragonite. Interspecific variation in colour in the senatorial scallop Chlamys senatoria can be due to the formation of specific polyene pigment-protein complexes leading to the modification of colour with the same pigment [60] . In the lobster carapace, the binding of astaxanthin by protein in the carotenoprotein complex a-crustacyanin causes a redistribution of electron density and a reorientation of the carotenoid molecules in the complex, and results in a shift from 488 to 632 nm (explaining the change in colour from blue, seen in live animals, to red colour as in cooked or dehydrated lobster (figure 1i) [61] ).
A similar phenomenon has been observed in vertebrate tissues. Here, carotenoids are seldom found free as they become susceptible to oxidative damage and may be broken down rapidly if exposed to oxidizing species or free radicals.
In feathers, fish and reptile scales, carotenoids are usually stabilized by the proteins to which they are strongly bound [62, 63] . Owing to variations in protein composition, different pigment-protein interactions can result. The same carotenoid in feathers of the same species can be yellow, orange or red depending on the protein binding. For example, the same carotenoid (1,1-carotene-3,3 0 -dione) produces red and yellow colours in goldfinch Carduelis carduelis feathers [62] . More recently, Mendes-Pinto et al. [64] reported a more striking difference in feather colour, varying from red (scarlet ibis) to orange (summer tanager) to violet purple (white-browed purpletuft). All three colours are produced by the same pigment, canthaxanthin (b,b-carotene-4,4 0 -dione). Its physical conformation and thus light-absorbing properties vary with how it is bound to keratin, which in turn is determined by the molecular conformation of keratin's binding site. Thus, carotenoid-based colours can be altered by the molecular conformation of the keratin substrate to which they are bound. In other cases, pigments and nano-or macrostructures can interact to produce additional optical features.
Additional optical features produced by structure-pigment interactions (a) Gloss
Many coloured materials have a characteristic shiny appearance that is frequently referred to as gloss [65] . While it has been defined and quantified in numerous ways [66] , gloss generally indicates how well a surface reflects light in a specular ('mirror-like', in the same amount and at the same angle at which it strikes the material) manner. Because most natural materials reflect both specularly and diffusely ('cloud-like', in which light is scattered at other angles), it is typically necessary to take both types of reflectance into consideration. Thus, it can be useful to quantify gloss as the ratio of specular to diffuse reflectance (Hunter's contrast gloss) with higher values indicating higher gloss. Glossy materials also tend to show greater polarization because specular light is polarized while diffuse light is not [66] . Although gloss can vary with angle, it is distinct from iridescence, in which hue itself changes with angle of incidence. Indeed, although many glossy materials are also iridescent [67] , others are not [68] . This is in part because, unlike iridescence, gloss can be produced by mechanisms distinct from those that make the colours themselves. Smooth surfaces produce gloss because they lack the surface roughness (e.g. cracks, bumps and other topographic features) that diffusely scatter light. Any coloured material can therefore be glossy if its surface roughness is below a certain threshold (i.e. Rayleigh's criterion [66] ). For example, pigments produce the green colours of tinamou eggs, but their smooth surfaces produce gloss (figure 1j ) [69] that other eggs with similar colours lack. Other morphological features like flattening (lack of curvature) may also enhance gloss [68] . Because pigments frequently produce the base hue, and morphology enhances specular reflection, gloss is a clear case of combined structural and pigmentary coloration. Interestingly, barbules of glossy black feathers are not any smoother than those of matte black feathers [67] . In this case, apparent glossiness appears to be a form of subtle iridescence produced by weakly organized thin films. This suggests that the gloss of iridescent materials may be mechanistically distinct and produced by the nanostructures themselves. In other words, perceived gloss of some iridescent materials may be a feature of the iridescence itself. While this hypothesis warrants additional investigation, it is clear that gloss-enhancing morphologies enable production of optical effects that could not be achieved with a single colour production mechanism. Glossy colours are intriguing from a sensory perspective because they are generally more specular ('shinier') than matte colours, and maintain that specularity over a broader range of angles than iridescent colours. Gloss may thus be a mechanism for enhancing visibility and may be selected for either separately or in conjunction with pigments or colour-producing nanostructures. Almost no studies thus far have yet addressed these possibilities.
(b) Enhancement and reduction of iridescence by macrostructure
Iridescence itself may also be enhanced by structural modifications. Iridescent barbs and hairs are typically associated with flattened morphologies [6, 70] perhaps to increase the surface area available for reflection, but also perhaps because flat surfaces have enhanced change in colour with angle of light incidence, i.e. iridescence. This is because planar (e.g. Bragg) stacks can only display colour in the specular direction. As the angle of specular incidence or viewing changes, the optical path length of the light changes, leading to production of different colours. Curving these planar stacks leads to a reduction in iridescence due to a loss of variation in optical path length. At any given angle of viewing, a majority of the optical paths traversed by light through a curved Bragg stack will be of the correct length to produce the primary colour [71, 72] . This phenomenon was proposed by Dyck [72] for curved barbules in pigeon feathers, by Vignolini et al. for iridescent seeds [73] and Kolle et al. [71] for synthetic iridescent colour-changing fibres. Hsiung et al. [74] hypothesized that curvature plus the addition of lobes similarly reduced iridescence of tarantula hairs (figure 1k) and confirmed this hypothesis both through optical finiteelement analysis and nanoscale 3D printing. The addition of curvature by itself dramatically reduced iridescence of the multilayer structure, while lobing had a more modest effect. Experimental and theoretical analysis thus supports the hypothesis that curvature is a general mechanism for iridescence reduction.
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By contrast, iridescence of other integumentary nanostructures appears to be enhanced by macroscale features. The bright colours of the bird-of-paradise Lawe's parotia (Parotia lawesii) abruptly change colour from orange to blue with small changes in viewing angle because their boomerang-shaped barbules contain a blue-reflecting plane flanked by two orange-reflecting planes [75] . Hummingbirds have even more sharply curved barbule shapes, and their feather colours can only be viewed from a limited range of angles, appearing black from other angles. While Greenewalt et al. [58] noted this morphology over 40 years ago, its potential connection to the iridescent properties of hummingbirds has yet to be quantified.
Functional relevance
Colour appearance can vary at different timescales [76] [77] [78] . For example, feather colour can change after molt, with important implications for signal function. Beyond its contribution to expansion of the colour palette of organisms, an interface between pigments and structures makes faster fluctuations in colour expression possible. Because carotenoids cannot be synthesized de novo and must be sequestered from the environment [16] , their acquisition and ultimate manifestation in tissues will depend on their spatial and temporal availability.
For example, the foot colours of blue-footed boobies are extremely variable, ranging from bright blue-green turquoise (reflectance peak at 540 nm) to dark blue (440 nm) [79] . Foot colours change rapidly and vary seasonally, and those rapid ranges are influenced by food and carotenoid availability [80] . Although seasonal [81] , nutritional [82] and age-dependent [83] changes in structural feather colour have been previously reported, to our knowledge, no attempt has been made to test whether variations in structural-pigmentary feather colour could also be influenced by carotenoid feather content.
The tight interaction between pigments and structures plays an important role in many vertebrates' behaviour and communication as it allows a highly variable expression of colour. Organisms like some lizards that are capable of rapid physiological colour change (which occurs due to the dispersion or concentration of pigment granules within chromatophores) are able to respond to changes in their visual, social or thermal environment [84] . The benefits of dynamic colour expression are exemplified by the extraordinary camouflage strategies observed in animals that can quickly adapt their colour response to different predators, as well as backgrounds as is the case in dwarf chameleons (Bradypodion spp.; (figure 1l ) [84] ). Other forms of rapid colour change are involved in signalling in a social context, whether allowing organisms to advertise their dominance status, or performing territorial or mating displays. While rapid colour change on some body parts is exclusively used as social signals, another important advantage of the interaction between chromatophores is that it allows a temperature-dependent colour change that facilitates rapid rise to body temperatures suitable for physical activities. For example, bearded dragons (Pogona vitticeps) darken rapidly when exposed to cold temperature to increase solar absorption and reach their preferred body temperature of 358C, which allows optimal activity [85] . Future work should focus on identification of the developmental mechanisms responsible for the control of the size, shape and orientation of nanocrystals, and the superposition of specific chromatophore types.
Conclusion
We have here highlighted some of the more classic examples of pigment-nanostructure interactions, as well as some that are less well known. Some of these latter interactions, including white structure-pigment and macrostructure-pigment, suggest that classification of colour mechanisms may be more blurry and uncertain than previously thought. This is important to consider with regard to the ecology and evolution of coloration, as different physiological mechanisms and developmental/genetic pathways may be involved in production of the final phenotype. Classification of some colours as entirely pigmentary, for example, is convenient but may not capture the entirety of the phenotype. Moreover, combined colour mechanisms enable animals to produce colours that may be otherwise difficult or impossible to reach [23, 24] . Green colours in birds are a clear example of such a hue [43] , but other optical effects like gloss [65] and reduced iridescence [74] may also have other, still undiscovered effects on colour evolution.
